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ABSTRACT 

The spatial density of the known asteroids is 
presented graphically as a function of absolute mag- 
nitude for  heliocentric distances within the range of 
1 to 4.5 astronomical units in 0.1 astronomical- 
unit increments. Two sets  of graphs are presented. 
The spatial density averaged over all ecliptic longi- 
tudes is presented in one set, and the spatial density 
for eight ecliptic longitude intervals at each heliocen- 
t r ic  distance is presented in the other set .  A partial 
correction for observational’ selection effects is 
shown on each graph. 
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SPATIAL DENSITY OF THE KNOWN 

ASTEROIDS IN THE ECLIPTIC PLANE 

By Donald J. Kessler 
Manned Spacecraft Center 

SUMMARY 

The spatial density of asteroids is studied as a function of absolute magnitude, 
distance from the Sun, and heliocentric longitude and latitude. The probability of 
finding each asteroid at a particular distance from the Sun is computed, along with the 
heliocentric longitude and latitude of the asteroid at that distance. 

A series of graphs has been prepared which illustrates the spatial density of 
asteroids as a function of absolute magnitude for various distances from the Sun, and 
longitude intervals. Each graph includes a correction for observational selection 
effects and a tabular latitude distribution. 

INTRODUCTION 

Asteroids are usually observed from Earth as bodies in orbit around the Sun be- 
tween the orbits of M a r s  and Jupiter. The asteroids discovered to date a r e  within the 
range of a few kilometers to 700 kilometers in diameter. The orbits for 1684 aster-  
oids a r e  listed in reference 1. Less than 40 of these asteroids cross  the orbit of 
Mars; only three cross  the orbit of Earth. 

The purpose of this document is to present graphically the spatial density of the 
cataloged asteroids as a function of the absolute magnitude fo r  various distances from 
the Sun, and the heliocentric longitude intervals. The graphs were derived by comput- 
ing the probability of finding each asteroid at a specific heliocentric distance and then 
computing the sum of these probabilities to obtain the spatial density. The upper curve 
in each graph has been partially corrected for  selection effects by adopting the proce- 
dure outlined in reference 2. 

From these graphs, the radial distribution of asteroids can be studied as a 
function of heliocentric longitude and limiting size. However, because of the remain- 
ing observational selection effects, it may be necessary, in many cases, to extrapo- 
late the distribution curves to the desired size. This approach differs from that used 
by Narin {ref. 3) who calculated the position of the numbered asteroids for a ser ies  of 
days. His resulting distributions were not corrected to a limiting asteroid size. 



The programing necessary to produce this document was prepared by Jesse L. 
Gamble, Computation and Analysis Division, Manned Spacecraft Center, Houston, Texas. 

SYMBOLS 

A 

a 

C 

e 

F 

g 

i 

N 

P 

P 

q 

q' 

R 

S 

s2 

S2k) 

2 surface area of a spherical shell around the Sun, km 

semimajor axis of an asteroid orbit, AU 

factor to correct for observational selection effects 

eccentricity of an asteroid orbit 

fraction of the total number of asteroids found within *2" of the ecliptic at any 
one time (The F associated with the table in figs. 2 to 277 has been rede- 
fined to be the fraction of asteroids found in the ecliptic latitude interval 
noted in the table. ) 

absolute photographic magnitude of an asteroid (that is, the apparent photo- 
graphic magnitude of an asteroid located 1 AU f rom the Sun and viewed from 
the Sun) 

inclination of an asteroid orbit 

number of asteroids with apparent photographic magnitudes between 
1 1 p - % a n d  p + -  2 

1 
2 probability of finding an asteroid at a distance of R + - AR from the Sun 

apparent photographic magnitude of an asteroid when it is a t  a distance from 
the Sun equal to i t s  semimajor axis 

perihelion distance of an asteroid orbit, AU 

aphelion distance of an asteroid orbit, AU 

distance from the Sun, AU 

spatial density caused by one asteroid, assuming it can be found at  any 
3 heliocentric latitude, number/km 

spatial density caused by one asteroid, assuming it  is found within +2" of the 
3 ecliptic, number/km 

spatial density of asteroids with absolute magnitude g or brighter, assuming 
3 that all the asteroids are found within lt2" of the ecliptic, number/km 
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e S 

Sek)  

T 

t 

'h 

'r 

P 

AR 

h 

IJ- 

V 

Q 

w 

average spatial density in the ecliptic plane as the result of one asteroid 
3 = FS2, number/km 'e 

average spatial density of asteroids with absolute magnitude g o r  brighter, 
located in the ecliptic plane Se(g) = FS2(g), number/krn 3 

period of revolution of an asteroid around the Sun, see 

time required for an asteroid to transverse a distance AR, sec 

heliocentric velocity of an asteroid at R, km/sec 

radial velocity component of an asteroid at R, km/sec 

heliocentric latitude (noted as B on figs. 2 to 277) 

increment of R, km 

heliocentric longitude 

angle between the heliocentric velocity vector of an asteroid and the tangent 
to a spherical shell around the Sun 

true anomaly of an asteroid at R 

longitude of ascending node of an asteroid orbit 

argument of perihelion of an asteroid orbit 

ANALYSIS 

Average Spatial Density as a Function of 
Distance from the Sun 

Consider a spherical shell around the Sun which has a radius of R astronomical 
units (AU) and a thickness of AR kilometers. The probability of finding an asteroid 
in this shell is 

2t p = -  
T 

where t is the time required for the asteroid to transverse AR and where T is the 
period of revolution of the asteroid around the Sun. The factor 2 appears because the 
asteroid will  penetrate the shell twice for each revolution around the Sun. 

3 



The period of revolution of an asteroid around the Sun is determined from stand- 
ard orbital mechanics as follows. 

Since AR is small, the trajectory of the asteroid may be considered as rectilinear 
between R and R + AR. Thus, the time required for the asteroid to transverse AR 

is t = -  AR where Vr is the radial velocity component of the asteroid at R. The ra- 

dial velocity is given by Vr = Vh sin p where V is the heliocentric velocity of the 

asteroid and p is the angle between Vh and the surface of the imaginary spherical 

shell .  From standard orbital mechanics 

'r 

h 

Vh = 29.76(2/R - l/a) 1/2 

and 

2 a2(1 - e2) 
R(2a-1  cos p =  

(3) 

(4) 

where a represents the orbital semimajor axis of the asteroid and e represents 
the orbital eccentricity of the asteroid. The average spatial density at R, caused by 

a single asteroid, is S = - where A (the area of the shell) is given by AAR 

A = 4nR2(1.495 X 108r (5) 

By combining and then rearranging the preceding equations and by using the well-known 
expressions for the perihelion q and aphelion q' distances, then 

(6) 
7.58 x 

1/ 2 S =  
R2a[(l - @(& - li] 
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The average density over the entire sphere is presented in equation (6). However, the 
asteroids are known to be concentrated close to the ecliptic plane, with approxima-tely 
one-fourth of them located within k2" of the ecliptic plane. If F is the fraction of 
asteroids within rt2' of the ecliptic plane, then the spatial density in the ecliptic plane 
is S = S2F where S2 is the spatial density found by assuming that all asteroids are 
located within *2" of the ecliptic plane. This procedure was chosen since it is pos- 
sible that the value of F is a function of R. Thus 

e 

The heliocentric latitude @ of the asteroid at R can be computed from 

sin /.3 = sin i sin (w + v) (8 1 

where i is the orbital inclination of the asteroid, w is the argument of perihelion 
of the orbit, and v is the true anomaly at R. The true anomaly is computed from 

a(1-  e2) - -  1 
eR e cos v = 

(9) 

and has two values for each R. 

Spatial Density as a Function of 
Heliocentric Longitude 

The heliocentric longitude X of an asteroid can be computed from 

where 52 is the longitude of the ascending node of the asteroid orbit. Since each 
value of R has two values of v, there will also be two values for X at each R. 
Thus, the spatial density as a function of R can be found for any interval of X by 
determining if the asteroid passes through that interval at that R. Since each aster- 
oid will have two values for X at each R (one value as the asteroid approaches the 
Sun and another value as it departs), each case must be considered individually. 
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Thus, the factor 2 must be removed from equation (1). The factor 2n/M is intro- 
duced to modify equation (7). Thus, equation (7) becomes 

27i 1.0862 X 
1/2 s2 =s 

R2a[(l - $)(% - lj 
Selection Effects 

The probability of an asteroid being detected depends on many variables: the 
location of the observer, the size of his telescope, the absolute magnitude of the as- 
teroid, and the length of time the asteroid is bright enough to be observed. 

Since the asteroids listed in reference 1 are compiled from the results of many 
astronomer's observations, it is nearly impossible to correct for every possible 
selection effect. However, Kuiper (ref. 2) concludes that the probability of an as- 
teroid being detected is very nearly a function of its average opposition magnitude 
(that is, its apparent magnitude if it were placed at a distance from the Sun equal to 
its semimajor axis and observed from Earth which is located between the Sun and the 
asteroid). Kuiper's procedure for correcting the cataloged asteroids will be adopted i n  
this document. The number of asteroids (ref. 2) of average photographic magnitude 

1 1 p between p - - and p + is given by 2 

N(p) = -2 .38 + 0. 35p (12) 

Thus, the correction factor as a function of p can be computed by comparing equa- 
tion (12) with the distribution of p of the cataloged asteroids (fig. l ) .  Hence, the 
logarithm of the correction factor is the difference between the two curves. 
difference is expressed by 

This 

C(p)  = O.O2(p - 13) 2 
log 10 

where C is the correction factor needed and where p 1 1 3  and 

loglo c = 0 
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where p < 13. Since the correction factor becomes very large and hence uncertain for 
p > 18, all 14 asteroids which are greater than this limit are eliminated from the anal- 
ysis. If the selection effects were only a function of p, this would not introduce new 
bias; the net effect is to make the "plate limit" at p equal 18. 

PROCEDURE 

The graphs presented in this document are the results of a computer program 
which was written to compute the spatial density S 

and the two corresponding ecliptic latitudes /3 of each of the cataloged asteroids 
(ref. 1) for  different values of R. 

the two ecliptic longitudes A,  2' 

The spatial density of asteroids in the ecliptic plane with absolute magnitude g 
o r  brighter, S (g), at each radial distance R, was  computed by adding the values of 
S for  all asteroids of absolute magnitude g or  brighter and then by multiplying by 

an adopted value F = 0.24. This spatial density is plotted as the lower curve on each 
graph. 

e 
2 

The upper curve of each graph includes a correction for observational selection 
effects as described in the analytical section of this document. This curve was  ob- 
tained in the same manner as the previously discussed lower curve except that each 
value of S was weighted by the correction factor C. For absolute magnitudes of 

one or two less than the maximum value of g on each graph, this correction factor 
becomes incomplete because of the nature of the correction factor used; that is, two 
asteroids with equal values of g probably will have different values for p. As g 
approaches i t s  maximum value on each graph, there will be increasingly more values 
of p that are larger than 18. Since p is a function of the semimajor axis of the aster- 
oid, a second correction factor is needed that reflects the distribution of the semimajor 
axis. This second correction factor is not determined in this document. 

2 

The value F = 0.24 was adopted to facilitate the computation for each graph. 
The validity of this approach was confirmed by the results which indicate that F is 
roughly independent of R and A ,  if the statistical fluctuations are smoothed out. The 
actual value of F at R and h is indicated on each graph, 

The latitude distribution of asteroids at each position in space is given in the 
table at the right of each graph. The table was  constructed by assuming the latitude 
distributions are symmetrical about the ecliptic plane. For purposes of the table, F 
has been redefined to be the fraction of asteroids located within the interval of helio- 
centric latitude (noted as B) given in the table. Thus, the average spatial density at 
other latitudes can be found by multiplying Se(g) by the product of two ratios: (1) The 

appropriate value in the table to 0.24 and (2) the volume of space within 2" of the eclip- 
tic to the volume of space within the desired latitude (for example, for  B = 8" to lo", 
this second ratio is 1.0123). 
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Two sets of graphs were produced. 

1. The first set of graphs (figs. 2 to 37) is for values of R from 1.0 to 4.5 AU 
for  every 0.1-AU increment, with the spatial density averaged over all longitudes 
(es. (7)). 

2. The second set of graphs (figs. 38 to 277) was produced by dividing each R 
into eight intervals of heliocentric longitude. The two values of heliocentric longitude 
of each asteroid at R were computed (eq. (lo)), and the asteroid was then considered 
in its appropriate heliocentric longitude interval. Within that heliocentric longitude 
interval, spatial densities were computed (eq. (11)) fo r  values of R from 1.0 to 4.5 AU 
at every 0.1-AU increment. When less than three asteroids were found in a particular 
AA, no graph was  produced. 

CONCLUDING REMARKS 

The spatial density of asteroids in the ecliptic plane is presented graphically as 
a function of absolute magnitude for various distances f rom the Sun and heliocentric 
longitude intervals. A tabular latitude distribution is presented on each graph. 

Manned Spacecraft Center 
National Aeronautics and Space Administration 

Houston, Texas, March 5, 1969 
124 -09 -14 -01 -72 
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Figure 14. - Spatial density at R = 2.20 averaged over all ecliptic longitudes. 
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Figure 21. - Spatial density at R = 2.90 averaged over all ecliptic longitudes. 
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Figure 24. - Spatial density at R = 3.20  averaged over all ecliptic longitudes. 
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Figure 28. - Spatial density at R = 3 . 6 0  averaged over all ecliptic longitudes. 
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Figure 30. - Spatial density at R = 3.80 averaged over all ecliptic longitudes. 
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Figure 31. - Spatial density at R = 3.90 averaged over all ecliptic longitudes. 
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Figure 32. - Spatial density at R = 4.00 averaged over all ecliptic longitudes. 
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Figure 33. - Spatial density at R = 4. 10 averaged over all ecliptic longitudes. 
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Figure 34. - Spatial density at R = 4.20 averaged over all ecliptic longitudes. 
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Figure 35. - Spatial density at R = 4 . 3 0  averaged over all ecliptic longitudes. 
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1 36. - Spatial density a t  R = 4.40 averaged over all ecliptic longitudes. 
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Figure 37. - Spatial density a t  R = 4.50 averaged over all ecliptic longitudes. 
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Figure 38.  - Spatial density at R = 1.00 and at longitudes between 315.0 and 360.0. 
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39. - Spatial density at R = 1.20 and at longitudes between 135.0 and 180.0. 
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Figure 40. - Spatial density at R = 1.30 and at longitudes between 135.0 and 180.0. 

48 



L 
0 
0 

0 
p n  

P B  

Ct 
s W  

T R  
I 

L E  
It D 

A P  

E c  
n u  
3 1 3  
' I  
T C  

1 1  
N L  

E M  

Y 
K 

0 

' E  
L T  
' E  
? I t  
T 
I 
c 

r 
I, 
A 
.u 
R 

loML ASI?ROIDS U S 0  E 4 

P =  .7224592-01 

B F 
0 - 2  .Q72 
2 - 4  .ooo 
4 - 6  .ooo 
0 - 8  .ooo 
8 -10 .273 

10 -12 .282 
12 -14 .ooo 
14 -16 .oon 
16 -18 . 000 
18 -20 .ooo 

Figure 41. - Spatial density at R = 1.40 and at longitudes between 0 and 45.0. 
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Figure 42. - Spatial density at R = 1.40 and at longitudes between 270.0 and 31 5.0. 
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Figure 44. - Spatial density at R = 1 .50  and at longitudes between 45.0 and 90.0. 
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Figure 45. - Spatial density at R = 1.50 and at longitudes between 270.0 and 315.0. 
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Figure 47. - Spatial density at R = 1.60 and at longitudes between 45.0 and 90.0. 
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Figure 48. - Spatial density at R = 1 .60  and at longitudes between 90.0 and 135.0.  
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Figure 49. - Spatial density at R = 1.60 and at longitudes between 135.0 and 180.0. 
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Figure 50. - Spatial density at R = 1.60 and at longitudes between 225.0 and 270.0. 
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Figure 51. - Spatial density at R = 1.60 and at longitudes between 270.0 and 315.0. 
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Figure 52. - Spatial density at R = 1.60  and at longitudes between 315.0 and 360.0. 
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Figure 53, - Spatial density at R = 1.70 and at longitudes between 0 and 45.0. 
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Figure 55. - Spatial density at R = 1.70 and at longitudes between 90.0 and 135.0. 
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Figure 56. - Spatial density at R = 1 .70  and at longitudes between 135.0 and 180.0. 
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Figure 58. - Spatial density at R = 1.70 and at longitudes between 270.0 and 315.0. 
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Figure 59. - Spatial density at R = 1.70 and at longitudes between 315.0 and 360.0. 
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Figure 61. - Spatial density at R = 1.80 and at longitudes between 45.0 and 90.0. 
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Figure 62. - Spatial density at R = 1.80  and at longitudes between 90.0 and 135.0. 

70 



L 
0 
0 

0 
P 

S 
r 
A 
T 
1 
A 
L 

D 

L 
S 
1 
T 
Y 

I 
w 

e 
C 
I, 
I 
P 
T 
I 
C 

P 
L 
A 
.u 
I? 

e 

n 
v 
H 

e 
R 

P 
E 
R 

C 
u 
R 
I 
C 

K 
I 
L 
0 
9 
E 
T 
E 
R 

n 

W I S L  ASlFlROlDS USr, I 13 

P: .1274086-00 

0 F 
0 - 2  .127 
2 - 4  .ooo 
4 - 6  .ooo 
6 - 8  .039 
8 -10 .000 

10 -12  .041  
12 -14 .023 
14 -16 .001 
16 -lP .211 
18 -20 .229 

Figure 63. - Spatial density at R = 1.80 and at longitudes between 135.0 and 180.0. 
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Figure 65. - Spatial density at R = 1.80 and at longitudes between 225.0 and 270.0. 
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Figure 66. - Spatial density a t  R = 1.80 and at longitudes between 270.0 and 315.0. 
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Figure 67. - Spatial density at R = 1.80 and at longitudes between 315.0 and 360.0. 
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Figure 69. - Spatial density at R = 1.90 and at longitudes between 45.0 and 90.0. 
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Figure 70. - Spatial density at R = 1.90 and at longitudes between 90.0 and 135.0. 
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Figure 71. - Spatial density at R = 1.90 and at longitudes between 135.0 and 180.0. 
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Figure 72. - Spatial density at R = 1.90 and at longitudes between 180.0 and 225.0.  
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Figure 73. - Spatial density at R = 1.90 and at longitudes between 225.0 and 270.0. 

81 



I. 
0 
0 

0 
P 

R 
P 
A 
T 
I 
A 
1. 

D 
t? 
N 
S 
I 
T 
Y 

1 
N 

E 

I. 
I 
P 
T 
1 
C 

P 
I, 
A 
?I 
I? 

r 

-22 

N 
I1 
H 

E 
R 

P 
E 

R -23 

C 
U 
R 
I 
C -27.5  

K 
I 
1. 
0 

E 
T 
F: 
R 

- 2 2 . 5  

.il -21 

-24 .5 

- 2i 

R 
0 - 2  
2 - 4  
4 - 6  
6 - 8  
8 -10 

10 - 1 2  
12 - I 4  
14 -16 
16 -IF 
18 -20 
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Figure 75. - Spatial density at R = 1.90 and at longitudes between 315.0 and 360.0. 
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Figure 76. - Spatial density at R = 2.00 and at longitudes between 0 and 45.0. 
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Figure 77. - Spatial density at R = 2.00 and at longitudes between 45.0 and 90.0. 
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Figure 79. - Spatial density at R = 2.00 and at longitudes between 135.0 and 180.0. 
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Figure 80. - Spatial density at R = 2.00 and at longitudes between 180.0 and 225.0. 
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Figure 81. - Spatial density at R = 2.00 and at longitudes between 225.0 and 270.0. 
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Figure 82. - Spatial density at  R = 2.00 and at longitudes between 270.0 and 315.0. 
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Figure 84. - Spatial density at R = 2. 10 and at longitudes between 0 and 45.0. 
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Figure 85. - Spatial density at R = 2. 10 and at longitudes between 45 .0  and 90.0. 
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Figure 86. - Spatial density at R = 2. 10 and at longitudes between 90.0 and 135.0. 
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Figure 87. - Spatial density at R = 2. 10 and at longitudes between 135.0 and 180.0. 
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Figure 88. - Spatial density at R = 2. 10 and at longitudes between 180.0 and 225.0. 
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Figure 89. - Spatial density at  R = 2.10 and at  longitudes between 225.0 and 270.0. 
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Figure 90. - Spatial density at R = 2.10 and at longitudes between 270.0 and 315.0. 
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91. - Spatial density at R = 2.10 and at longitudes between 315.0 and 360.0.i 
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Figure 92. - Spatial density at R = 2.20 and at longitudes between 0 and 45.0. 
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Figure 93. - Spatial density at  R = 2.20 and at  longitudes between 45.0 and 90.0. 
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Figure 95. - Spatial density at R = 2.20 and at longitudes between 135.0 and 180.0. 
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Figure 96. - Spatial density at R = 2.20 and at  longitudes between 180.0 and 225.0. 
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Figure 97. - Spatial density at R = 2.20 and at longitudes between 225.0 and 270.0. 
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Figure 98. - Spatial density at R = 2.20 and at  longitudes between 270.0 and 315.0. 
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Figure 99. - Spatial density at R = 2.20 and at longitudes between 315.0 and 360.0. 
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Figure 100. - Spatial density at R = 2. 30 and at longitudes between 0 and 45.0. 
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Figure 101. - Spatial density a t  R = 2.30 and at longitudes between 45.0  and 90.0. 
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Figure 102. - Spatial density at R = 2.30 and at longitudes between 90.0 and 135.0. 
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Figure 103. - Spatial density at R = 2.30 and at longitudes between 135.0 and 180.0. 
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Figure 104. - Spatial density at  R = 2. 30 and at  longitudes between 180.0 and 225.0. 
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Figure 105. - Spatial density at R = 2. 30 and at longitudes between 225.0 and 270.0. 
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Figure 108. - Spatial density at R = 2.40 and at longitudes between 0 and 45.0. 
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Figure 109. - Spatial density at R = 2.40 and at longitudes between 45.0 and 90.0. 
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Figure 110. - Spatial density at R = 2.40 and at longitudes between 90.0 and 135.0. 
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Figure 111. - Spatial density at R = 2.40 and at longitudes between 135.0 and 180.0. 
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Figure 112. - Spatial density at R = 2.40 and at longitudes between 180.0 and 225.0. 
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Figure 113. - Spatial density at R = 2.40 and at longitudes between 225.0 and 270.0. 
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Figure 114. - Spatial density at  R = 2.40 and at  longitudes between 270.0 and 315.0. 
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Figure 115. - Spatial density a t  R = 2.40 and at longitudes between 315.0 and 360.0. 
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Figure 116. - Spatial density at R = 2.50 and at longitudes between 0 and 45.0. 
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Figure 117. - Spatial density at R = 2. 50 and at longitudes between 45.0 and 90.0. 
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Figure 118. - Spatial density at R = 2. 50 and at longitudes between 90.0 and 135.0. 
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Figure 119. - Spatial density at R = 2. 50 and at longitudes between 135.0 and 180.0. 
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Figure 126. - Spatial density at R = 2.60 and at longitudes between 90.0 and 135.0. 
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Figure 127. - Spatial density at R = 2.60 and at longitudes between 135.0 and 180.0. 
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Figure 133. - Spatial density at R = 2.70 and at longitudes between 45.0 and 90.0. 
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Figure 135. - Spatial density at R = 2.70 and at longitudes between 135.0 and 180.0. 
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Figure 141. - Spatial density at R = 2.80 and at longitudes between 45.0 and 90.0. 
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Figure 143. - Spatial density at R = 2.80 and at longitudes between 135.0 and 180.0. 
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Figure 145. - Spatial density at R = 2.80 and at longitudes between 225.0 and 270.0. 
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Figure 147. - Spatial density at R = 2.80 and at longitudes between 315.0 and 360.0. 
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Figure 148. - Spatial density at R = 2.90 and at longitudes between 0 and 45.0 .  
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Figure 149. - Spatial density at R = 2.90 and at longitudes between 45.0 and 90.0. 
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Figure 151. - Spatial density at R = 2.90 and at longitudes between 135.0 and 180.0. 
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Figure 154. - Spatial density at R = 2.90 and at longitudes between 270.0 and 315.0.  
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Figure 157. - Spatial density at R = 3.00 and at longitudes between 45.0 and 90.0. 

165 



0 
0 

0 

-22 .2 i  

S H  

f R  

* P  

P R  
A E  

1 

'' E 
R 

D 

c -23.23 

-22.75 

* I1 

1 1  
T C  

1 1  
3 1. 

E , ,  

L f  
f F: 
P R  

s R  

Y 
-23.75 

K 

0 

C -24.25 

f 
I -24.75 
C 

P 
1. 
J 
?( 
F: 

-2i. 2i 

B 
0 - 2  
2 - 4  
4 - 6  
6 - 3  
8 -13 

10 -12 
12 - 1 4  
14 -16 
16 -13 
I @  -20 

F 

.16* 

.122 

.16R 

.115 

.069 

.065 

. 0 30 

.002 
,005 

. m 3  

Figure 158. - Spatial density at R = 3.00 and at longitudes between 90.0 and 135.0. 

166 



I, 
0 
0 

0 
P N  R F 

0 - 2  .235 
2 - 4  .144 
4 - 6  ,112 
6 - 8  .I54 

10 -12 .OR3 
I 2  -14 .002 
14 -16 .016 
16 -18 ,032 
I @  -20 ,001 

8 -10 . i n 1  

Figure 1 

a n s o i  U T E  ~ I G Y  I T I I D E  

59. - Spatial density at R = 3.00 and at longitudes between 135.0 and 180.0. 

167 



1. 
0 
G 

0 
P 

S 
P 
A 
T 
1 
A 
I. 

n 
E 
?i 
S 
I 
T 
Y 

I 
Y 

I? 
C 
1 .  
I 
P 
T 
I 
C 

P 
1. 
4 
?r 
E 

N 
U 
n 
R 
F 
R 

P 
E 
R 

C 
II 
R 
1 
r 

K 
I 
1. 
0 

E 
T 
F 
R 

-21 .75  

-22 5 

-23.29 

- 21 

-21 .79  

- 2 i  . T  
' 6  1 9 10 11 I 2  13  I *  li 

R F 
0 - 2  .263 
2 - 4  .14 1 
4 - 6  3 1 1  
6 - 8  .092 
a -10 .142  

10 -12 . O * %  
12 -14  .179 
14 -16 .012 
16 -lR . o w  
18 -20 ,000 

A R S O l  t I T K  \ f \ G U  lTtIDl3  
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Figure 170. - Spatial density at R = 3.10 and at longitudes between 270.0 and 315.0. 
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Figure 171. - Spatial density a t  R = 3.10 and at longitudes between 315.0 and 360.0. 
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Figure 173, - Spatial density at R = 3.20 and at longitudes between 45.0 and 90.0. 
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Figure 175. - Spatial density at R = 3.20 and at longitudes between 135.0 and 180.0. 
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Figure 176. - Spatial density at R = 3.20 and at longitudes between 180.0 and 225.0. 
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Figure 177. - Spatial density a t  R = 3.20 and at longitudes between 225.0 and 270.0. 
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Figure 178. - Spatial density at R = 3.20 and at longitudes between 270.0 and 315.0. 
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Figure 183. - Spatial density at R = 3.30 and at longitudes between 135.0 and 180.0. 
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Figure 186. - Spatial density at R = 3.30 and at longitudes between 270.0 and 315.0. 
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Figure 187. - Spatial density at R = 3 .30  and at longitudes between 315.0 and 360.0. 

195 



R F 
0 - 2  .223 
2 - 4  .I90 
4 - 6  .lSY 
6 - 8  .O60 
8 -10 . 1 39 
10 -12 .09i 
12 - 1 4  .OT I 
14 -16 .OZd 
16 -12 .010 
ie -20 .OO0 

196 



L 
0 
0 

0 
P 

S 
P 
A 
T 
1 
A 
L 

D 
E 
N 
S 
I 
T 
Y 

I 
N 

E 
C 
I, 
1 
P 
T 
1 
C 

P 
1. 
A 
.u 
PI 

N 
Lf 
M 
R 
E 
R 

P 
E 
R 

C 
11 
R 
I 
C 

K 
I 
L 
0 H 

E 
T 
E 
R 

R F 
0 - 2  .212 
2 - 4  .214  
4 - 6  . 1 31 
6 - 8  .039 
8 -10 ,039 

10 -12 . 1 31 
12 -14 .045 
1 4  -16 .017 
16 -18 .078 
18 -rn .nz3 

Figure 189. - Spatial density at R = 3.40 and at longitudes between 45.0 and 90.0. 
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Figure 192. - Spatial density at R = 3.40 and at longitudes between 180.0 and 225.0. 
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Figure 193. - Spatial density at R = 3.40 and at longitudes between 225.0 and 270.0. 
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Figure 194. - Spatial density at R = 3.40 and at longitudes between 270.0 and 315.0. 
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Figure 195. - Spatial density at R = 3.40 and at longitudes between 315.0 and 360.0. 
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Figure 197. - Spatial density at R = 3.50 and at longitudes between 45.0 and 90.0. 
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Figure 198. - Spatial density at R = 3.50 and at longitudes between 90.0 and 135.0. 
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Figure 200. - Spatial density at R = 3 . 5 0  and at longitudes between 180.0 and 225.0. 

20 8 



I, 
0 
0 

0 
P 

S 
I 
A 
t 
1 
A 
L 

D 
e 
?l 
S 
I 
t 
Y 

s I 

e 
C 
1. 
I 
? 
T 
I 
C 

r 
1. 
A 
3 
e 

w 
u 
H 
A 
E 
R 

P 

R 

C 
U 
R 
I 
C 

K 
I 
L 
0 
3 
e 
T 
r! 
R 

e 

TVl'.\L ASEROIDS 11511) = 125 

P: .3104 3i@-00 

R F 
0 - 2  .310 

4 - 6  . on5 
6 - 8  . to7 
8 -10 .a93 
IO -12 .011 
12 -11 . 0 3i 
14 -16 .a31 
16 -18 .a40 
18 -20 .023 

2 - 4  .230 

Figure 201. - Spatial density at R = 3.50 and at longitudes between 225.0 and 270.0. 
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202. - Spatial density at R = 4.10 and at longitudes between 315.0 and 360.0. 
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Figure 203. - Spatial density at R = 4.20 and at longitudes between 0 and 45.0. 
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Figure 204. - Spatial density at R = 4.20 and at longitudes between 90.0 and 135.0. 
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Figure 205. - Spatial density at R = 4.20 and at longitudes between 135.0 and 180.0. 
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Figure 206. - Spatial density at R = 3.50 and at longitudes between 270.0 and 315.0. 
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Figure 208. - Spatial density at R = 360.0 and at longitudes between 0 and 45.0. 
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Figure 209. - Spatial density at R = 3.60 and at longitudes between 45.0 and 90.0. 
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Figure 211. - Spatial density at R = 3.60  and at longitudes between 135.0 and 180.0. 
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Figure 212. - Spatial density at R = 3.60 and at longitudes between 180.0 and 225.0. 
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Figure 213. - Spatial density at R = 3.60 and at longitudes between 225.0 and 270.0. 
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Figure 214. - Spatial density at R = 3.60 and at longitudes between 270.0 and 315.0. 
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Figure 215. - Spatial density at R = 3.60 and at longitudes between 315.0 and 360.0. 
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Figure 216. - Spatial density at R = 3 . 7 0  and at longitudes between 0 and 45.0. 
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Figure 217. - Spatial density at R = 3.70  and at longitudes between 45.0 and 90.0. 
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Figure 218. - Spatial density at R = 3.70 and at longitudes between 90.0 and 135.0. 
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Figure 219. - Spatial density at R = 3.70 and at longitudes between 135.0 and 180.0. 
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Figure 220. - Spatial density at  R = 3.70 and at longitudes between 180.0 and 225.0. 
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Figure 221. - Spatial density at R = 3.70 and at longitudes between 225.0 and 270.0. 
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Figure 222. - Spatial density at R = 3.70 and at longitudes between 270.0 and 315.0. 
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Figure 223. - Spatial density at R = 3.70 and at longitudes between 315.0 and 360.0. 
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Figure 224. - Spatial density at R = 3.80 and at longitudes between 0 and 45.0. 
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Figure 225. - Spatial density at R = 3.80 and at longitudes between 45.0 and 90.0. 

233 



L 
0 
0 

0 

' N  

0 

c E  
L T  

p R  
T 
I 
C 

1 s  

l o M L  AS?EROIDS U S )  z 28 

P t  .lo94774 +00 

B P 
0 - 2  . lo9 
2 - 4  .014 
4 - 6  .os9 
6 - 8  .os5 
8 -10 .OOO 

10 -12 .ooo 
12 -14 .046 
14 -18 37.5 
16 -18 .042 
18 -20 .ooo 

A R S O L U T E  M A O N  I T U D F :  

Figure 226. - Spatial density at R = 3.80 and at longitudes between 90.0 and 135.0. 
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227. - Spatial density at R = 3.80 and at longitudes between 135.0 and 180.0. 
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228. - Spatial density at R = 3.80 and at longitudes between 180.0 and 225.0. 
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229. - Spatial density at R = 3.80 and at longitudes between 225.0 and 270.0. 
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Figure 23 1. - Spatial density at R = 3.80 and at longitudes between 315.0 and 360.0. 
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Figure 232. - Spatial density at R = 3.90 and at  longitudes between 0 and 45.0. 
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Figure 233. - Spatial density at R = 3.90 and at longitudes between 45.0 and 90.0. 
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Figure 234. - Spatial density at R = 3.90 and at longitudes between 90.0 and 135.0. 
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Figure 235. - Spatial density at R = 3.90 and at longitudes between 135.0 and 180.0. 
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Figure 236. - Spatial density at R = 3.90 and at longitudes between 180.0 and 225.0.  
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Figure 237. - Spatial density at R = 3.90 and at longitudes between 225.0 and 270.0. 
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Figure 238. - Spatial density at R = 3.90 and at longitudes between 270.0 and 315.0 .  
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Figure 239. - Spatial density at R = 3.90 and at longitudes between 315.0 and 360.0. 
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Figure 240. - Spatial density at R = 4.00 and at longitudes between 0 and 45.0. 
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Figure 241. - Spatial density at R = 4.00 and at longitudes between 45.0 and 90.0. 
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Figure 242. - Spatial density at R = 4.00 and at longitudes between 90.0 and 135.0. 
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Figure 243. - Spatial density at R = 4.00 and at longitudes between 135.0 and 180.0. 
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Figure 244. - Spatial density at R = 4.00 and at longitudes between 180.0 and 225.0. 
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Figure 245. - Spatial density at R = 4.00 and at longitudes between 225.0 and 270.0. 
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Figure 246. - Spatial density at R = 4.00 and at longitudes between 270.0 and 315.0. 
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Figure 247. - Spatial density at R = 4.00 and at longitudes between 315.0 and 360.0. 
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Figure 248. - Spatial density at R = 4.10 and at longitudes between 0 and 45.0. 
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Figure 249. - Spatial density at R = 4.10 and at longitudes between 90.0 and 135.0. 
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Figure 250. - Spatial density at R = 4.10 and at longitudes between 135.0 and 180.0. 
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Figure 251. - Spatial density at R = 4.10 and at longitudes between 180.0 and 225.0. 
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Figure 252. - Spatial density at R = 4.10 and at longitudes between 225.0 and 270.0. 
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Figure 253. - Spatial density at R = 4.10 and at longitudes between 270.0 and 315.0. 
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254. - Spatial density at R = 4.20 and at longitudes between 225.0 and 270.0. 
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Figure 255. - Spatial density at R = 4.20 and at longitudes between 225.0 and 240.0. 
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Figure 256. - Spatial density at R = 4.20 and at longitudes between 315.0 and 360.0. 
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Figure 257. - Spatial density at R = 4.30 and at longitudes between 0 and 45.0. 
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258. - Spatial density at R = 4.30  and at longitudes between 45.0 and 90.0. 
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259. - Spatial density at R = 4.30 and at longitudes between 90.0 and 135.0. 
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Figure 260. - Spatial density at R = 4.30 and at  longitudes between 135.0 and 180.0. 
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Figure 261. - Spatial density at R = 4.30 and at longitudes between 180.0 and 225.0. 
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Figure 262. - Spatial density at  R = 4.30 and a t  longitudes between 225.0 and 270.0. 
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Figure 263. - Spatial density a t  R = 4.30 and at longitudes between 270.0 and 315.0. 
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Figure 264. - Spatial density at R = 4.30 and at longitudes between 315.0 and 360.0. 
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265. - Spatial density at R = 4.40 and at longitudes between 45.0 and 90.0. 
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Figure 266. - Spatial density at R = 4.40 and at longitudes between 135.0 and 180.0. 
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267. - Spatial density a t  R = 4.40 and at longitudes between 180.0 and 225.0. 
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Figure 268. - Spatial density a t  R = 4 . 4 0  and a t  longitudes between 225.0 and 270.0. 
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Figure 269. - Spatial density a t  R = 4.40 and at longitudes between 270.0 and 315.0. 
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Figure 270. - Spatial density at R = 4.40 and at longitudes between 315.0 and 360.0. 

278 



L 
0 
0 

0 

K 
f I  
N 1. 

E H  

' E  

0 

' E  
T 

' R  
T 

R F 
0 - 2  .ooo 
2 - 4  .718 
4 - 6  .ooo 
6 - R  .on0 
8 -10 ,000 

14 -16 .oon 

10 -12 .2*2  
12 -14  .ooo 

16 - I @  ,000 
18 -20 ,000 

Figure 

A R S O I . I I T F :  .*!cq i r i 'nv 

271. - Spatial density at R = 4.50 and at longitudes between 45.0 and 90.0. 
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Figure 272. - Spatial density at R = 4.50 and at longitudes between 90.0 and 135.0. 
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Figure 274. - Spatial density at R = 4. 50 and a t  longitudes between 180.0 and 225.0. 
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Figure 275. - Spatial density a t  R = 4.50 and at  longitudes between 225.0 and 270.0. 
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Figure 276. - Spatial density a t  R = 4 .50  and at  longitudes between 270.0 and 315.0. 
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Figure 277. - Spatial density at R = 4. 50 and at  longitudes between 315.0 and 360.0. 

2 85 


